Luminescence properties of single crystals of langasite (LGS), langataite (LGT), and langanite (LGN) are investigated at 5 K by using synchrotron radiation as an exciting light source. Two emission bands are observed at 420 and 500 nm in LGS, at 410 and 460 nm in
Introduction
The langasite family crystals belong to the trigonal system with the space group P321, and are isostructural to Ca 3 Ga 2 Ge 4 O 14 [1] . They consist of tetrahedron layers, perpendicular to the c-axis, between which there are layers formed by cations in distorted cubes coordinated by eight O atoms and in octahedra by six O atoms. Langasite (La 3 , respectively. These crystals have electromechanical and acoustic characteristics attractive for application [2, 3] ; for instance, their piezoelectric moduli are 3−5 times as large as that of quartz.
Because of industrial concerns for langasite family, there are some papers on the crystal growth and acousto-electronic properties [3, 4] . However, the fundamental optical characteristics have not been studied, except for our recent work on LGS [5] . In the present paper, we focus our attention on luminescence properties of LGS, LGT, and LGN crystals.
Experiment
Single crystals of LGS, LGT, and LGN were obtained from Mitsubishi Materials (Japan), Fomos (Russia), and Vniisms (Russia), respectively. These crystals were grown by the Czochralski method, and annealed at 1000−1300 °C for more than 24 h in reduction atmosphere.
The crystals of LGS were completely transparent, while those of LGT and LGN were transparent but exhibited a slight amber color. The coloration may be linked to the existence of excess oxygen in the crystals. The crystal orientation was confirmed by an X-ray diffraction analysis. The square surfaces of samples, perpendicular to the X-and Y-axes, were mechanically polished.
The present experiments were performed with use of synchrotron radiation from the UVSOR storage ring in the Institute for Molecular Science, Okazaki. For measurements of the polarization dependence, we used two samples with different orientations; one has the Y-axis parallel to the electric vector of the incident light (E//Y) and the other has the Z-axis (E//Z).
Luminescence from the sample surface was dispersed through an Acton SpectraPro-3000i monochromator equipped with an LN/CCD camera (Princeton, 1100 PBVISAR). The excitation wavelength λ ex was changed step by step, and for each step the emission spectrum was measured, so that we could get full information of excitation-emission spectra in a short time. The emission spectra were not corrected for the spectral response of the detection system, while the excitation spectra were corrected for the intensity distribution of the incident light.
Results
The transmission spectra were examined for E//Y and E//Z at 8 K. It was found that the cut-off wavelengths of LGS, LGT, and LGN are independent of the polarization of the incident light, and are 235, 242, and 284 nm, respectively.
Three-dimensional (3D) display of the excitation-emission spectrum of LGS measured for E//Y at 5 K is shown in Fig. 1 . One can see two emission bands at 420 and 500 nm. The intensity of the 420-nm band starts to increase at λ ex = 220 nm, and reaches the maximum around 205 nm, followed by the decrease in the shorter wavelength region. On the other hand, the 500-nm band is intensely stimulated with UV light at λ ex = 245 nm. The result obtained for E//Z was almost the same as Fig. 1 .
The 3D spectrum of LGT for E//Y is shown in Fig. 2 . Two emission bands are seen at 410
and 460 nm. The 460-nm band is stimulated with UV light at λ ex < 225 nm, while the 410-nm band is induced only at λ ex ≈ 240 nm. For E//Z, the 410-nm band decreases in intensity, so that one can see only the 460-nm band appreciably.
The 3D spectrum of LGN for E//Y is shown in Fig. 3 . An intense emission band peaking at 500 nm is excited with UV light at λ ex = 275 nm. The peak position changes to 535 nm when λ ex < 250 nm. For E//Z, we observed only the 535-nm band. This band is strongly stimulated at λ ex ≈ 275 nm, and exhibits no substantial peak change when λ ex is shortened.
Discussion
The electronic structure of LGS has been studied experimentally and theoretically [5] . In the above argument, we assigned the emission bands at 420 nm (LGS), 460 nm (LGT), and 535 nm (LGN) to the luminescence from an STE located on oxygen site in the respective crystals. It is interesting to note that the order of these emission peaks is parallel to that of the fundamental absorption edges: 235 nm (LGS) < 242 nm (LGT) < 284 nm (LGN). Such a fact indicates that the peak energy of the STE luminescence is mainly governed by the band-gap energy. In other words, the Stokes shift due to the lattice relaxation induced by the self-trapping of exciton is nearly equal. This means that the STEs have a similar relaxed configuration in the crystals with langasite structure. 6 Fig. 1 7 Fig. 2 8 Fig. 3 
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